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It was the aim of the present study to improve the diagnosis of liver necrosis by measurement of enzyme activities in serum after selective zonal injury in rats. The serum activities of glutamine synthetase and of other heterogeneously distributed liver enzymes allowed the prediction of the localization of necrosis within the liver acinus.
Materials and Methods

Materials
Enzymes, coenzymes and substrates were purchased from Boehringer (Mannheim, Germany). Allylalcohol was supplied by Fluka (Buchs, CH); All other chemicals were obtained from Merck (Darmstadt, Germany).
Treatment of animals
Wistar rats (160-240 g) were maintained on a 12 h day/night rhythm and fed a standard diet (Altromin, Lage, Germany) ad libitum. Periportal necrosis was produced by intraperitoneal injection of two doses of 0.62 mmol allylalcohol dissolved in 9 g/1 NaCl per kg body weight at 8 a. m. and 8 p. m. Pericentral necrosis was produced by intraperitoneal injection of 3.8 mmol bromobenzene dissolved in vegetable oil per kg body weight at 8 a. m. Control animals received injections of 9 g/1 NaCl or vegetable oil. Blood was collected from the abdominal vena cava during anesthesia with sodium pentobarbital (60 mg per kg body weight). Serum was obtained after clotting for 20 min by centrifugation at 3000 g for 15 min at 4 °C; haemolytic sera were excluded from the study. After collection of blood the livers were removed and frozen in liquid nitrogen for histological examination using the hematoxyline-eosine staining technique.
Enzyme assays
Fructose 1,6-bisphosphatase activity was determined according to Latzko & Gibbs (12) with slight modification using the following test solution: Tris/HCl 50 mmol/1 (pH 7.5), EDTA 0.1 mmol/1, MgSO 4 5 mmol/1, -mercaptoethanol 2 mmol/1, NADP+ 0.2 mmol/1, phosphoglucose isomerase 0.2 kU/1, glucose 6-phosphate dehydrogenase 0.1 kU/1. The specific reaction was started by addition of fructose 1,6-bisphosphate 0.1 mmol/I. More than 85% of the activity measured under this condition was blocked by the presence of AMP 0.1 mmol/1, a specific inhibitor of fructose 1,6-bisphosphatase (11), indicating that essentially alkaline phosphatase did not disturb the test.
For determination of the glutamine synthetase activity 50 μΐ serum was incubated with 250 μΐ of the following test solution: imidazole/HCl 50 mmol/1 (pH 6.8), L-glutamine 50 mmol/1, hydroxylamine 25 mmol/1, sodium arsenate 25 mmol/l, ADP 0.16 mmol/1 and MnCl 2 2 mmol/1 (13) . After 30 min the reaction was stopped by addition of 500 μΐ FeCl 3 90 mmol/1, trichloroacetic acid 0.5 mol/1 and HC1 1.82 mol/1; denatured proteins were removed by centrifugation and the supernatant was measured photometrically at 544 nm against a blank without serum. For calibration 300 μΐ glutamylhydroxamate was mixed with 500 μΐ of stop solution and absorption was measured at final concentrations between 0.1 and 1 mmol/1. The activities of alanine aminotransferase and aspartate aminotransferase were determined according to the suggestion of the German Society for Clinical Chemistry (14) with test solutions supplied by Boehringer (Mannheim, Germany) using a Hitachi 717 analyzer. Glutamate dehydrogenase activity was tested according to Schmidt (15) with reagent from Boehringer (Mannheim, Germany) using an Eppendorf EPOS analyzer. All activities were determined at 37 °C. Serum was diluted with 9 g/1 NaCl, if necessary.
The statistical evaluation was performed using the Student ttest for unpaired data.
Results
Administration of allylalcohol to adult rats resulted in distinct periportal necrosis of liver tissue. However, the extent and intensity of the cellular damage was subject to individual variation: some animals exhibited only minor alteration of the hepatocellular morphology, while other animals showed severe necrosis. The maximal morphological alteration was observed 24 h after the first intraperitoneal injection of the poison. Simultaneously a maximal activity of hepatic enzymes was detected in serum. The histological inspection of liver tissue demonstrated that in six rats (No 1-6) liver necrosis was restricted to the periportal zone; in two animals (No 7-8) the adjacent part of the pericentral zone was impaired, too. On. v the other hand, the administration of bromobenzene led to a predominant necrosis of pericentral tissue. Maximal alteration of the hepatocellular morphology was observed 48 h after administration of the poison, which coincided with maximal activity of hepatic en^· zymes in serum. Bromobenzene-dependent necrosis was restricted to the pericentral zone in six animals (No 11 -16); in two rats an additional but minor alteration of periportal tissue occurred (No 17 -18).
The activities of hepatocellular enzymes were increased in serum within one and two days after injection of allylalcohol and bromobenzene, respectively. For comparison of the periportal and pericentral injuries the enzyme activities in serum were studied during the maximum of necrosis 24 h after administration of allylalcohol and 48 h after administration of bromobenzene ( fig. 1 ). The activity of aspartate aminotransferase, which is nearly homogeneously distributed throughout the liver acinus, was about 40-fold increased in serum of animals with periportal as well as in serum of animals with pericentral necrosis. In contrast, the activity of alanine aminotransferase and of fructose 1,6-bisphosphatase, which are twofold higher in periportal than in pericentral tissue, exhibited a 40-fold increase in serum after periportal necrosis but only a 30-and 20-foJd increase, respectively, after pericentral necrosis. The activity of glutamate dehydrogenase, which is about two-fold higher in pericentral than in periportal tissue, was increased in serum 120-fold during periportal injury but 360-fold during pericentral damago. Glutamine synthetase activity, which is localized exclusively in a few hepa- tocytes around the central vein, was enhanced in serum 5-fold during periportal but 40-fold during pericentral necrosis. The differences due to the pericentral enzymes were statistically significant.
The magnitude of hepatic enzyme activities in serum is not only influenced by the zonal heterogeneity but also by the extent of the liver injury. In order to compensate for this influence, ratios between serum activities of periportal and pericentral marker enzymes were considered (tab. 1). The ratio aspartate aminotransferase + alanine aminotransferase/glutamate dehydrogenase was suggested by Schmidt & Schmidt (16) to discriminate acute hepatitis, chronic hepatitis and cholestatic liver diseases in man. In the present study this ratio was higher during periportal necrosis (6.3 ± 4.9) than 'during pericentral necrosis (1.5 + 0.8). More pronounced differences were presented by the ratio aspartate aminotransferase + alanine aminotransferase/glutamine synthetase, which was 72.8 ± 32.4 during periportal and 9.0 ±11.1 during pericentral injury, as well as by the ratio ala* nine aminotransferase/glutamine synthetase, which was 42.2 ± 26.3 during periportal and 4.0 + 5.1 during pericentral damage. The best discrimination was achieved by calculation of the ratio fructose 1,6-bisphosphatase/glutamine synthetase, which was 4.2 ± 2.7 during periportal but 0.23 ± 0.28 during pericentral necrosis. Using this ratio it was possible to predict the predominant localization of a hepatocellular injury, even if the damage was not entirely restricted to the periportal or to the pericentral zone.
Discussion
In contrast to the uniform light microscopical morphology of hepatocytes, biochemical heterogeneity exists between periportal and pericentral liver cells. At first, histochemical studies demonstrated that key enzymes of metabolic pathways exhibit different activities in periportal and pericentral hepatocytes (17) . In contrast to the discontinuous functional heterogeneity along the kidney nephron (18) , the activity of most hepatic enzymes is continuously increased or decreased along the sinusoids. Thus, periportal to pericentral gradients of enzyme activities mostly range between 0.2 and 5. Exclusively, the expression of glutamine synthetase is restricted to a few hepatocytes around the central vein (19) .
Besides histochemical and microbiochemical analyses, the heterogeneous localization was demonstrated by selective zonal destruction using digitonin or other All differences between periportal and pericentral necrosis were statistically significant (p < 0.02). * Necrosis was not restricted to the predominantly damaged zone.
poisons. Perfusion of rat liver with digitonin in the orthograde direction results in a periportal necrosis, while perfusion in the reverse direction results in a pericentral necrosis. The zonal localization of enzymes in vivo was concluded from their release into the perfusion medium during selective zonal damage (20, 21) .
Reciprocally it should be possible to predict the intrahepatic localization of a zonal damage by determination of enzyme activities in serum. Periportal hepatocytes can be selectively injured by injection of allylalcohol (22) . However, a conclusive answer as to the mechanism of its zonal selective toxicity is still lacking. Apparently, the mitochondrial respiration is uncoupled by acrolein (23), which is formed from allylalcohol predominantly in the periportal zone (24). This might be due to the extremely high first path uptake by periportal hepatocytes rather than to the slight periportal predominance of allylalcohol metabolizing alcohol dehydrogenase (25) . In the present study, allylalcohol-dependent necrosis was restricted to the periportal zone in six of eight animals. On the other hand, pericentral hepatocytes are selectively destroyed by halogenated organic compounds such as carbon tetrachloride or bromobenzene. The zonal specificity of the toxic effect is apparently due to the formation of electropholic products by cytochrome P 45 o enzymes, which exhibit higher activity in the pericentral tissue (4) . Moreover, the protection against electrophilic metabolites by glutathione is löwer in pericentral than in periportal hepatocytes, resulting in lipid peroxidation predominantly in the pericentral zone (4) . In the present study six of eight animals showed morphological alterations exclusively in pericentral tissue after administration of bromobenzene.
The activity of the mainly periportal enzyme fructose l,6^bisphosphatase in serum was previously introduced in the discrimination between chronic aggressive and chronic persistent hepatitis in man due to zonal differences of cell necrosis (9) . Relatively high activity of the enzyme correlated with the mainly periportal piecemeal necrosis during chronic aggressive liver disease. Nevertheless, ä definite discrimination could not be achieved.
Another study described the differentiation between central liver necrosis after cardiac failure and acute viral hepatitis by determination of aminotrarisferases and glutamate dehydrogenase in human serum (10) . However, the 40-fold higher activity of glutamate dehydrogenase activity after central necrosis versus acute hepatitis could not be explained by the approximately two-fold higher activity of the mitochondrial enzyme in pericentral compared to periportal tissue. Probably this difference wafc* predominantly due to extensive necrosis during cardiac failure in compari-son to less severe injury during viral hepatitis. As mentioned above, the magnitude of enzyme release into the blood is not only dependent on the zonal heterogeneity of enzymes and toxicity, but depends also on the number of impaired cells and the degree of impairment at the cellular level. Moderate injury of cells results in the release of cytosolic enzymes, while severe intoxication results in the complete destruction of the cell followed by the release of cytosolic as well as of mitochondrial enzymes.
In the present study, the mean extent of periportal and pericentral necrosis was similar as evidenced by the release of aspartate aminotransferase, a mitochondrial and cytosolic enzyme that exhibits a nearly homogeneous distribution in the liver acinus (26). However, remarkable individual differences in the extent of enzyme release existed in both groups. Therefore, it was not possible to predict a periportal necrosis from high serum activity of mainly periportal enzymes. Exclusively, glutamine synthetase activity in serum discriminated in 15 of 16 animals correctly between pericentral and periportal injury.
The influence of size and intensity of the necrosis could be largely reduced by formation of activity ratios in serum of mainly periportal to pericentral enzymes. In any case, conclusive discrimination between periportal and pericentral necrosis was achieved by the ratio fructose 1,6-bisphosphatase/glutamine synthetase. Therefore, this ratio can be regarded as a reliable indicator of the zonal localization of liver necrosis in rats. Further studies will be necessary to establish whether this is also true in man.
